The Kesho Bora Study Group a Background. Antiretroviral (ARV) prophylaxis effectively reduces mother-to-child transmission of human immunodeficiency virus type 1 (HIV). However, it is unclear whether stopping ARVs after breastfeeding cessation affects maternal HIV disease progression. We assessed 18-24-month postpartum disease progression risk among women in a randomized trial assessing efficacy and safety of prophylactic maternal ARVs.
HIV transmission (MTCT) among HIV-infected African pregnant women with CD4
+ T-lymphocyte cell counts of 200-500/ mm 3 . Women were randomized to receive a combination of zidovudine (AZT), lamivudine (3TC), and lopinavir/ritonavir (LPV/r) initiated during pregnancy and continued during breastfeeding (triple-ARV prophylaxis) or AZT until delivery with single-dose nevirapine (sd-NVP) at the onset of labor without postpartum prophylaxis [1] . We previously reported a greater overall MTCT prevention efficacy of the triple ARV prophylactic regimen when continued during breastfeeding and a lack of serious adverse events in the first 12 months postpartum [2] . However, the longer-term impact of triple ARV prophylaxis cessation on maternal health after prolonged administration during pregnancy and breastfeeding has not been evaluated. Trials of intermittent vs continuous ARV treatment showed higher rates of disease progression among persons with treatment interruptions [3] [4] [5] . The present paper focuses on maternal AIDS-free survival among women enrolled in the Kesho Bora randomized controlled trial up to 18-24 months postdelivery.
METHODS
Detailed objectives and methods of the Kesho Bora study have been reported elsewhere [1] . Briefly, HIV-infected, ARV-naive pregnant women at 5 study sites in Burkina-Faso, Kenya, and South Africa from January 2005 to August 2008 were offered enrollment in the Kesho Bora study. Women with contraindications for initiation of ARVs were excluded (ie, known allergy to ARVs or benzodiazepines; treatment with drugs that interact with ARVs; or severe [grade >2] [6] anemia, neutropenia, or liver or renal failure). The study protocol was approved by the ethical and regulatory committees in Burkina Faso, Kenya, and South Africa and at the World Health Organization (WHO) and the US Centers for Disease Control and Prevention.
Pregnant women at 20-32 weeks of gestation with WHO clinical stages 1, 2, or 3 and CD4 + cells of 200-500/mm 3 were randomized to initiate between 28-34 weeks gestation either triple ARV prophylaxis (triple ARV) consisting of twice daily AZT 300 mg, 3TC 150 mg, and LPV/r 400 mg/100 mg until cessation of breastfeeding (to a maximum of 6.5 months postpartum; or 1 month if not breastfeeding) or standard MTCT prophylaxis (AZT/sdNVP) consisting of AZT (300 mg twice daily) alone until delivery, with a single dose of AZT (600 mg) and NVP (200 mg) at the onset of labor without postnatal prophylaxis of the mother or breastfeeding infant [1] . From December 2006, following updated WHO recommendations [7] , 1 week of AZT + 3TC postpartum was added for women randomized to the AZT/sdNVP arm. Computer-generated block randomization was used, stratifying by study site and planned mode of infant feeding. Patients and study investigators were not blinded to treatment allocation. All infants received a single dose of 0.6 mL oral NVP suspension. From December 2006 onward, they also received 1 week of AZT (4 mg/kg twice daily) from birth [1, 2] .
All mothers were counseled on infant feeding as per 2003 WHO guidelines. Those opting for replacement feeding from birth received free formula for 6 months; those opting for breastfeeding were counseled to exclusively breastfeed and wean over a 2-week period with complete cessation before the child reached age 6 months.
Women were seen every 2 weeks from enrollment until 8 weeks after delivery, monthly until 1 year, and every 3 months thereafter. Although the original Kesho Bora protocol included a follow-up of 24 months after delivery, the Project Coordinating Committee (PCC) decided in January 2008 to shorten follow-up to 18 months after delivery/birth to focus on the main endpoint of the trial, notably infant HIV-free survival at age 1 year [1] .
At each scheduled visit, clinical events, adherence to ARVs, infant feeding practices, and nutritional status (Body Mass Index [BMI]: weight/height 2 ) were recorded using standardized case report forms. Blood samples were collected at regular intervals from mothers for toxicity monitoring, CD4 count, viral load (VL), and ARV drug-resistance testing. The HIV plasma VL was measured at enrollment, delivery, and 18 months after delivery using a quantitative HIV RNA real-time polymerase chain reaction assay with a lower detection limit of 300 copies/mL (Generic HIV Charge Virale; Biocentric) [8] . Viral loads below the limit of detection were assigned the value 1 on log 10 scale. HIV drug resistance mutations were evaluated in all maternal specimens collected within 6 weeks of triple ARV cessation from Bobo-Dioulasso and the 2 South African sites and in a sample of specimens obtained from women in the AZT + sdNVP arm at 2 or 6 weeks postpartum. Sequence analysis was performed on all specimens with VLs > 1000 copies/mL, and drug resistance patterns were predicted using the Agence Nationale de Recherche sur le SIDA et les hepatites algorithm (http://www. hivfrenchresistance.org). The sequences reported include the entire protease region and at least the first 330 codons of the reverse transcriptase region of the pol gene. Group comparisons were made using Student's t test and χ 2 test (95% level;
2-sided tests). Kaplan-Meier product-limit estimates and log rank tests were used to assess and compare progression of maternal HIV disease, based on the intention-to-treat principle. Time to progression was first estimated from delivery. However, because disease progression was not expected to occur during the period of triple ARV prophylaxis, analyses were repeated using a start date equivalent to the date of cessation of ARV prophylaxis for the triple ARV group. . Two physicians who were members of the PCC (I. V. and J. R.) reviewed each woman's clinical history to assess whether clinical progression occurred according to the defined endpoints. A woman could reach different endpoints during follow-up, but time to progression was considered as time to the first endpoint. Only events occurring between cessation of ARV prophylaxis and therapeutic ART initiation (if any) were considered (women were censored at ARV initiation for therapeutic reasons or for a new pregnancy or study exit). The following two definitions of progression were used for separate analyses: Risk factors for progression were analyzed using univariate and multivariate analysis (logistic regression). All characteristics of participants described in Table 1 were first tested in univariate analysis. Variables significantly associated with disease progression in univariate analysis were tested in a logistic regression model after fitting known risk factors for progression (VL, CD4
+ count, and age at enrollment).
RESULTS
A total of 824 women were enrolled, with 412 enrolled in the triple ARV arm and 412 in the AZT/sdNVP arm. Of these, 789 (384 in the triple ARV arm and 405 in the AZT/sdNVP arm) had at least 1 study visit after cessation of ARV prophylaxis. At enrollment, maternal demographic, clinical, and virological parameters were comparable between arms ( Table 1) .
Rates of follow-up to 18 months after delivery were 92.1% and 89.0% in the triple-ARV arm and AZT/sdNVP arm, respectively; at 24 months, they were 86.1% and 84.7%, respectively.
Women received ARV prophylaxis for a median of 24.7 weeks in the triple ARV arm (6.0 weeks before and 18.7 weeks after delivery) and 6.0 weeks (before delivery) in the AZT/ sdNVP arm (227 of 405 stopped prophylaxis at delivery; 178 of 405 received 1 week of AZT/3TC after delivery).
The median CD4 counts increased in both arms (more in the triple ARV than in AZT/sdNVP arm) from enrollment to ARV prophylaxis cessation and decreased thereafter to about baseline levels ( Table 1 Figure 1A) .
By the time of delivery, the median VL had decreased by 1.1 log in the AZT/sdNVP arm and by 4.2 log in the triple ARV arm; the rate of undetectable VL in the triple ARV arm was twice that in the AZT/sdNVP arm (P < .0001). However, the VLs at 18 months returned to baseline levels at enrollment in both study arms (Table 1 ; Figure 1B ). The BMI was lower in the AZT/sdNVP arm at all times postpartum, although differences were significant only at 12 months (Table 1; Figure 1C ).
Of 271 women enrolled in Burkina Faso or South Africa in the triple ARV arm, 152 had specimens collected within 6 weeks of ARV cessation; 72 could be sequenced, and 1 resistance mutation was detected (1.4%) ( Table 2 ). Of 75 specimens from 264 women exposed to AZT/sdNVP, 41 could be sequenced; nonnucleoside reverse transcriptase inhibitor (NNRTI) resistance mutations were found in 7 of 29 women (24.1%) who stopped ARVs at delivery and 0 of 12 women who received 1 week of AZT + 3TC after delivery.
The numbers of progression-defining events are shown in Table 3 . The rates of progression to either death, stage 4 disease, or a CD4 + count of <200 cells/mm 3 are given in Table 4 and Figure 2 . The rate of progression up to 24 months after delivery was significantly lower in the triple ARV arm than in the Abbreviations: AZT/sdNVP arm (44.5% reduction; P = .001), but the rates of progression did not differ when cessation of ARV prophylaxis was taken as the date of origin rather than the date of delivery. When the analysis was restricted to women with a CD4 Factors associated with HIV-1 progression within 18 months after cessation of ARV prophylaxis in univariate and multivariate analyses (Table 5 ) included duration of receipt of ARVs after delivery (the longer the ARV prophylaxis, the shorter the duration of follow-up after cessation of prophylaxis; thus the probability of progression during follow-up was reduced); older age, and lower CD4 count and higher VL at enrollment (all well-known risk factors for HIV-1 disease progression). Factors associated with progression in univariate but not in multivariate analysis included gravidity (association explained by older maternal age among multigravida women) and never breastfeeding (association explained by a shorter duration of prophylaxis in nonbreastfeeders, in whom prophylaxis stopped soon after delivery). Prophylaxis arm was not associated with progression during the 18 months after cessation of ARV prophylaxis, both in univariate and multivariate analyses.
DISCUSSION
Prior report from the Kesho Bora study demonstrated that triple ARV prophylaxis was efficacious in preventing MTCT during pregnancy, delivery, and breastfeeding without evidence of excess serious adverse events in the first year after delivery [2] . However, there were concerns that the cessation of a triple ARV regimen after administration for as long as 10 months (from 28 weeks gestation through 6 months postpartum) could lead to a sustained VL rebound, enhanced CD4 + cell count decline, or faster progression of HIV disease.
We now present evidence that progression in women is similar after interruption of a triple ARV to that after receipt of an AZT/sdNVP regimen. Kesho Bora is 1 of 2 randomized controlled trials [9] comparing AZT/sdNVP regimen (not expected to have an impact on the course of HIV disease) to a longer triple ARV regimen (up to 10 months), which, given the duration, could have an impact not only on the prevention of MTCT but also on disease progression in the mother. The study offered a unique opportunity to measure the effect, if any, of interrupting a long triple ARV prophylaxis regimen in comparison with an AZT/sdNVP prophylaxis regimen stopping around delivery.
Questions regarding the potential effect of time-limited triple ARV prophylaxis on maternal health were raised in 2006 when results of 3 trials comparing the outcomes of continuous ART with different strategies for interrupting and restarting treatment (in an attempt to decrease costs and toxicity of ART) in nonpregnant, treatment-eligible adults were published. These three trials (SMART [3] , Trivacan [4] , and DART [5] ) were prematurely halted following interim analyses that showed a higher incidence of severe diseases (mainly opportunistic infections) in patients receiving interrupted treatment compared with those receiving continuous treatment.
In the treatment interruption trials, only participants with advanced HIV disease requiring long-term treatment were enrolled. In the context of MTCT prevention, all women with advanced HIV disease should start and continue ART for life, as per national and international guideline [7] . A triple ARV MTCT prophylaxis regimen (as per the Kesho Bora study protocol) is therefore only given to women who do not yet require treatment, with the sole objective to reduce MTCT risk Abbreviations: ART, antiretroviral therapy; ARV, antiretroviral; AZT/sdNVP, zidovudine until delivery with single-dose nevirapine without postpartum prophylaxis; BF, breastfeed; CI, confidence interval; NA, not applicable; Triple ARV, zidovudine, lamivudine, and lopinavir/ritonavir during pregnancy and breastfeeding; WHO, World Health Organization. a Cumulative number of events up to the given time / number of women still at risk of progression at the given time.
during pregnancy, delivery, and breastfeeding, and thus the regimen is given only for a limited time. Because the stage of HIV disease is different in women receiving ART versus MTCT prophylaxis, it is not possible to extrapolate from treatment interruption trials to the use of triple ARV regimens for MTCT prophylaxis. With the exception of the frequent emergence of maternal resistance to NVP after MTCT prophylaxis consisting of a single-dose of NVP (which is markedly diminished with receipt of the AZT/3TC "tail"), there have been no worrying reports to date from long-term monitoring of women who received short-course ARV regimens for MTCT prevention. Women from the PACTG 076 study were followed for >4 years postpartum, and no difference was observed between AZT and placebo in CD4 + cells counts, VL, resistance, or clinical progression [10] . Several studies found no difference in progression to AIDS in women who are pregnant (and receiving ARV prophylaxis, mostly AZT alone) vs not pregnant after adjusting for CD4 + cell counts and ART [11] [12] [13] . Women from the PACTG 185 study (AZT prophylaxis for 86% of women) were followed to 18 months postpartum, and CD4 + cell counts and VL trajectories were the same regardless of whether the women continued or discontinued ARVs-all women showed a slight increase in VLs postpartum [14, 15] . Similar data showing an increase of postpartum VL were reported in the pre-ARV era [16] . In the Women and Infants Transmission Study (WITS), women (two-thirds on AZT alone prophylaxis) who had an index pregnancy and no subsequent pregnancies had a similar disease progression rate to women who had a subsequent pregnancy with ARV prophylaxis [17] . These available data do not indicate that ARV use (especially mono-or dual prophylaxis) during pregnancy and discontinued soon after delivery before subsequently initiating therapy when required for a woman's own health is associated with adverse outcomes, but there has been little study of the effect of triple ARV MTCT prophylaxis used for extended periods after delivery (up to 6 months of breastfeeding) and then stopped. Our results are reassuring regarding the risk of interrupting triple ARV MTCT prophylaxis, although there was no group with continuous ART to compare with, which was the case in treatment interruption trials. Our follow-up to 18-24 months after delivery (12-18 months after triple ARV MTCT prophylaxis has stopped) may have been somewhat short to detect adverse effects of ARV interruption. However, the only other MTCT trial assessing triple ARV prophylaxis continued during breastfeeding vs prophylaxis stopping around delivery had a follow-up restricted to 48 weeks after delivery [9] . Our analyses also suggest that the triple ARV prophylaxis is not only safe in terms of HIV progression but may also be beneficial for maternal health during the period the mother is receiving the regimen-especially if she had a CD4 + count of <350/mm 3 . The risk of HIV progression seems to be delayed until cessation of the prophylaxis.
The high rate of progression observed in women with CD4 ART. In addition to preserving maternal health, this change has the potential to prevent the vast majority of cases of MTCT of HIV. Indeed, data from Zambia indicate that 92% of maternal deaths and 88% of perinatal or postnatal transmissions occurred among the 68% of women who would have met the new criteria for ART [20] . In contrast, the rate of progression in women with CD4 + counts of 350-500 cells/mm 3 was low after cessation of ARVs, supporting current WHO recommendations that triple ARV prophylaxis can be interrupted after breastfeeding cessation, with initiation of ART when the woman meets criteria for initiation of therapy. However, it is important to note that 25% of such women did reach the current CD4 + threshold for treatment within 2 years postpartum. Antepartum care should be viewed as an opportunity to bring women into care for their own health, and assurance of careful and close follow-up of women after giving birth and maintenance of their retention in care is critical to maximize maternal (and child) health.
Other risks of triple ARV prophylaxis include the emergence of HIV resistance against ARVs used for prophylaxis and potential effects on infant health. An analysis of HIV drug resistance evaluating resistance within 6 weeks of cessation of ARVs detected a rate of NNRTI resistance of 24% in women exposed to AZT/sdNVP prophylaxis without the 1 week postpartum AZT/3TC tail and 0 of 12 in women exposed to AZT/sdNVP with the AZT/3TC tail; 1 resistance mutation was detected in 72 specimens sequenced from women exposed to triple ARV (1.4%), suggesting a relatively low risk of resistance emergence in mothers who received the triple ARV prophylaxis. Abbreviations: ARV, antiretroviral; AZT/sdNVP, zidovudine until delivery with single-dose nevirapine without postpartum prophylaxis; BMI, body mass index; CI, confidence interval; OR, odds ratio; Triple ARV, zidovudine, lamivudine, and lopinavir/ritonavir during pregnancy and breastfeeding; VL, viral load. a Only for variables included in the model.
Notes

